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(54) Infrared focal plane array 

(57) A two-dimensional infrared focal plane array 
comprising temperature detecting units in which the 
temperature detecting units are arranged for every pixel 
in a two-dimensional arrangement on a semiconductor 
substrate, the temperature detecting unit being formed 
integrally with a thermal type light detector and a means 
for detecting a change in characteristic of the thermal 
type light detector, the change being caused by an inci- 
dent infrared ray, 



wherein a temperature detecting portion which is sup- 
ported by support legs comprising a high thermal resist- 
ance material capable of controling a heat flow to the 
semiconductor substrate and has a temperature detect- 
ing element, and an infrared ray absorbing portion 
which is spliced by at least one splicing pillar with the 
temperature detecting element are provided for every 
pixel on the semiconductor substrate. 
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Description 

The present invention relates to a two-dimensional 
infrared focal plane array in which a thermal type light 
detector is employed. s 

The thermal type light detector absorbs the infrared 
rays, when the infrared rays are irradiated, to raise the 
temperature and to detect the temperature change. Fig. 
21 is a perspective view illustrating the structure of one 
pixel of the two-dimensional infrared focal plane array in 10 
which the conventional thermal type light detector com- 
prising a bolometer thin film in which a resistance value 
changes due to the temperature is employed. Referring 
to the drawing, reference numeral 901 shows a sub- 
strate composed of semiconductor such as silicon. Ref- 
erence numeral 910 shows an infrared ray detector 
portion (hereinafter referred to as detector portion) pro- 
vided across a space from the silicon substrate. Refer- 
ence numeral 91 1 shows a bolometer thin film formed 
on the infrared ray detector portion. Reference numer- 20 
als 921 and 922 show support legs for floating and rais- 
ing the infrared ray detector portion 91 0 from the silicon 
substrate. Reference numerals 931 and 932 show metal 
wirings for flowing current to the bolometer thin film. 
Reference numeral 940 shows a switch transistor for 25 
turning on or off the current flowing through the metal 
wirings 931 . 932. and the bolometer thin film 91 1 . Ref- 
erence numeral 950 shows a signal line connected with 
a metal wiring 932. Reference numeral 960 shows a 
control clock line for controlling the on or off of the 30 
switch transistor. Reference numeral 970 shows a metal 
reflection film comprising the detecting portion and the 
optical resonant structure to increase the absorption of 
the infrared rays with the detector portion 910. 

Fig. 22 is a sectional view illustrating the sectional 35 
structure along the current path of the conventional two- 
dimensionai infrared focal plane array shown in Fig. 21. 
Referring now to Fig. 22, the same reference numerals 
are given to the same elements as those shown in Fig. 
21 (same throughout the following drawings). Reference 40 
numeral 980 shows an insulating film. Reference 
numeral 990 shows a cavity portion. Reference numer- 
als 930 and 933 show insulating films. Reference 
numerals 926 and 927 show contact portions. Switch 
transistor, signal line, control clock line.or the like, not 45 
directly related to the invention, is omitted. A bolometer 
thin film is formed on the aforementioned detector por- 
tion 910. The bolometer thin film is connected with the 
metal wirings 931 and 932. The bolometer thin film is 
connected through the contact portions 926 and 927 so 
with a signal readout circuit formed (not shown) on the 
silicon substrate. The bolometer thin film 91 1 and the 
metal wirings 931 and 932 are covered with insulating 
films 930 and 933 composed of silicon dioxide film 
(Si0 2 ) or silicon nitride film (SiN) or the like. The insulat- ss 
ing films 930 and 933 form the mechanical structure of 
the detector portion 910 and the support legs 921 and 
922. The insulating film 980 is one for insulating the sig- 
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nal readout circuit formed on the silicon substrate 901, 
and the metal wirings 931 and 932. On the metal reflec- 
tion film 970 of the insulating film 980 is positioned a 
detector portion 910 through the cavity portion 990. On 
the surface of the metal reflection film 970 is occasion- 
ally formed another insulating film. 

The operation of the two-dimensional infrared focal 
plane array using the thermal type light detector will now 
be described. The infrared rays will be incident from a 
side where the detector portion 910 exists and is 
absorbed by the detector portion 910. Since the incident 
infrared rays can generate standing waves so that the 
position of the metal reflection film 970 can be a section 
due to the existence of the metal reflection film 970, the 
absorption in the detector portion 910 can be increased 
by the proper setting of the interval between the detec- 
tor portion and the metal oxide reflection film. The ener- 
gies of the infrared rays absorbed by the detector 
portion 910 are converted into heat to raise the temper- 
ature of the detector portion 910. The temperature rise 
depends upon the amount of the incident infrared rays 
(the amount of the incident infrared rays depends upon 
the temperature and the emissivity of the image object). 
Since the amount of the temperature rise can be 
obtained by the measuring of the change in the resist- 
ance value of the bolometer thin film, the amount of the 
infrared rays irradiated by the image object can be 
obtained from the change of the resistance value of the 
bolometer. 

When the resistance temperature factor of the 
bolometer thin film is the same, the resistance change 
to be obtained by the incident infrared rays of the same 
amount becomes larger and the sensitivity becomes 
higher, with larger temperature rise of the detector por- 
tion. To increase the temperature rise, it is effective to 
make the heat escape to the silicon substrate 901 from 
the detector portion 910 small as much as possible. As 
a result, the support legs 921 and 922 are designed so 
that the heat resistance may be made large as much as 
possible. It is important to make the thermal capacity of 
the detector portion 910 small so that the temperature 
time constant of the detector portion 910 can be shorter 
as compared with the frame time of the image device. 

Although the infrared rays become incident into the 
whole pixel, only a partial incident into the detector por- 
tion 910 contributes to the temperature rise of the detec- 
tor portion 910 (although some infrared rays incident 
into the support legs close to the detector portion 910 
are effective) and the infrared rays incident into the area 
except for it become ineffective. As the result, to 
increase the sensitivity, it is effective to make the fill fac- 
tor larger (a ratio of an area of the detector portion with 
respect to the pixel area). 

In the conventional structure shown in Fig. 21 and 
Fig. 22, the detector portion 910 has to be formed in an 
area except for at least the support legs 921 , 922 and 
the contact portions for connecting the readout circuit 
formed on the support legs and the silicon substrate. 
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The fill factor is subjected to restriction in accordance 
with the design of the interval tolerance between the 
support leg and the contact portion, and these portions 
and the detector portion 910, thus interfering with high 
sensitivity. s 

The problem becomes remarkable as the pixels 
become smaller, thus making it difficult to have higher 
resolution by using the smaller pixels in such a manner 
that the sensitivity is retained. 

The invention is achieved to resolve the aforemen- 10 
tioned problems. An object of the invention is to provide 
a highly sensitized two-dimensional infrared focal plane 
array having pixels capable of achieving the higher fill 
factor independently of the design of the support legs 
for forming of the adiabatic structure, metal wirings, is 
contact portions and so on, in a two-dimensional infra- 
red focal plane array for forming the thermal type light 
detector on the substrate the same as that of the signal 
readout circuit. 

The two-dimensional infrared focal plane array in 20 
which the thermal type light detector is employed 
according to the invention has, as separate structure, an 
infrared ray absorbing portion for absorbing the infrared 
rays to raise the temperature of the detector portion, 
and a temperature detecting portion for forming the 25 
bolometer thin film to detect the temperature rise. 

The two-dimensional infrared focal plane array 
using the thermal type light detector of the invention, 
with the infrared ray absorbing portion and the tempera- 
ture detecting portion as separate structure, can design 30 
independently the infrared ray absorption portion and 
the temperature detecting portion, and can make the 
area of the infrared ray absorbing portion for deciding 
the fill factor effectively. Therefore, the image element of 
the invention is effective for higher sensitization. 

In order to solve the above mentioned problem, the 
two-dimensional infrared focal plane array of the inven- 
tion is a two-dimensional infrared focal plane array com- 
prising temperature detecting units in which the 
temperature detecting units are arranged for every pixel 
in a two-dimensional arrangement on a semiconductor 
substrate, the temperature detecting unit being formed 
integrally with a thermal type light detector and a means 
for detecting a change in characteristic of the thermal 
type light detector, the change being caused by an inci- 
dent infrared ray, 

wherein a temperature detecting portion which is sup- 
ported by support legs comprising a high thermal resist- 
ance material capable of control ing a heat flow to the 
semiconductor substrate and has a temperature detect- 
ing element, and an infrared ray absorbing portion 
which is spliced by at least one splicing pillar with the 
temperature detecting element are provided for every 
pixel on the semiconductor substrate. 

It is desirable for making the thermal resistance 
larger that the temperature detecting portion is provided 
above the cavity portion which is formed in the semicon- 
ductor substrate. 



It is desirable for increasing the optical absorption 
that the infrared ray absorbing structure comprising of 
the reflection film and the interlayer insulating film is 
provided on at least one part of the infrared ray absorb- 
ing portion. 

It is desirable for increasing the optical absorption 
that the optical resonant structure comprising the reflec- 
tion film, the interlayer insulating film and the metal 
infrared ray absorption thin film is provided on at least 
one part of the infrared ray absorbing portion. 

It is desirable in terms of the simplified manufactur- 
ing process that at least one part of the splicing pillar is 
made of the same material as the infrared ray absorbing 
portion. 

It is desirable in terms of the simplified manufactur- 
ing process that optical resonant structure comprising 
the reflection film, the interlayer insulating film and the 
metal infrared ray absorbing thin film is provided on at 
least one part of the infrared ray absorbing portion, and 
the splicing pillar is formed in one body with the metal 
infrared ray absorbing film. 

It is desirable in terms of thermal capacity reduction 
that at least one part of the splicing pillar is formed of 
the same material as the infrared ray absorbing portion 
and the portion, in contact with the temperature detect- 
ing portion, of the infrared ray absorbing portion is 
removed. 

It is desirable in terms of enlarged wide selection in 
reduction of the etching unnecessary to the substrate 
and the selection of the manufacturing process that at 
least one etching hole penetrating from the infrared ray 
absorbing portion to the cavity portion is provided in the 
vicinity of the center of the cavity portion. 

It is desirable in terms of enlarged wide selection in 
reduction of the unnecessary etching of the substrate 
and the selection of the manufacturing process that the 
etching stop layer is provided of a material resistant to 
the etchant which is employed when forming the cavity 
portion in the semiconductor substrate around the cav- 
ity portion. 

It is desirable to compose a bolometer with a mate- 
rial which cannot be used in the semiconductor process 
that the temperature detecting element is formed on the 
surface of the infrared ray absorbing portion. 

It is desirable in terras of the wide selection of the 
etching method for forming the cavity portion and in 
terms of the effective use of an area by arrangement of 
one portion of the components of the readout circuit in 
the area under the cavity portion that the temperature 
detecting portion is provided above the readout circuit 
on the semiconductor substrate. 

It is desirable in terms of increasing the optical 
absorption that the infrared ray absorbing structure 
comprising the reflection film and interlayer insulating 
film is provided on at least one part of the infrared ray 
absorbing portion. 

It is desirable in terms of increasing optical absorp- 
tion that the optical resonant structure comprising the 
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reflection film, interlayer insulating film and the metal 
infrared ray absorbing film is provided on at least one 
part of the infrared ray absorbing portion. 

It is desirable in terms of the manufacturing step 
simplification that at least one part of the splicing pillar s 
is made of the same material as the infrared ray absorb- 
ing portion. 

It is desirable in terms of manufacturing step simpli- 
fication that the optical resonant structure comprising 
the reflection film, interlayer insulating film and the 
metal infrared ray absorbing film is provided on at least 
one part of the infrared ray absorbing portion, and the 
splicing pillar is formed in one body with the metal infra- 
red ray absorbing film. 

It is desirable in terms of detecting effectively the 
temperature change that the bolometer thin film is pro- 
vided as the temperature detecting element. 

It is desirable in terms of effective detection of the 
temperature change that the ferroelectric substance 
having a pyroelectric effect is employed as the tempera- 
ture detecting element. 

It is desirable in terms of effective detection of the 
temperature change that a thermopile is employed as 
the temperature detecting element. 

It is desirable in terms of the temperature equality of 
the detector portion that the splicing pillar is provided 
below a position adjacent to the center of the gravity of 
the infrared ray absorbing portion. 

It is desirable that the thermal resistance of the 
splicing pillar is smaller than the thermal resistance of 
the support leg. 

A manufacturing method of two-dimensional infra- 
red focal plane array of the invention comprising: 

a) on a semiconductor substrate, a step of forming 
a signal readout circuit, then forming an insulating 
film, contact portions, further forming metal wirings 
and a temperature detecting element, and covering 
with a protective insulating film as a whole; 

b) a step of forming sacrifice layer on the protective 
insulating film, removing an area for forming a splic- 
ing pillar layer by photolithography technique, the 
area being one of the sacrifice layer, then filling a 
material to be the splicing pillar layer into the 
removed area; 

c) on the sacrifice layer and the splicing pillar layer, 
a step of forming a thin film to be an infrared 
absorbing portion, then patterning for dividing the 
infrared ray absorbing portion for every pixel; 

d) a step of etching the sacrifice layer to remove; 

e) a step of etching the silicon substrate to form a 
cavity portion in said silicon substrate. 

It is desirable in terms of simplified formation of the 
infrared ray absorbing portion that a step of an etchback 
operation of the surface of the sacrifice layer and the 
splicing pillar to flatten the surface thereof, of the above 
described b) step is included. In the above described e) 



step, it is desirable 

to manufacture the size of the cavity portion with 
proper controlling property that the cavity portion is 
formed to effect an anisotropic etching operation of the 
semiconductor substrate. 

It is desirable in terms of sufficient etching speed to 
effect an anisotropic etching portion with either of potas- 
sium hydroxide, and tetramethyl ammonium hydroxide. 

Rg. 1 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type light detector is employed 
according to one of the embodiment of the present 
invenion; 

Rg. 2 is a plan view illustrating the pixel in the two- 
dimensional infrared focal plane array except for the 
infrared ray absorbing portion in which thermal type 
light detector is employed according to one of the 
embodiment of the present invention; 
Rg. 3 is a plan view illustrating the arrangement of 
the pixels in the two-dimensional infrared focal 
plane array in which thermal type detector is 
employed according to one of the embodiment of 
the present invention; 

Rgs. 4(a) through 4(c) are cross-sectional views 
illustrating the process for the pixel in the two- 
dimensional infrared focal plane array in which ther- 
mal type detector is employed according to one of 
the emdobiment of the present invention ; 
Rgs. 5(a) and 5(b) are cross-sectional views illus- 
trating the process for the pixel in the two-dimen- 
sional infrared focal plane array in which thermal 
type detector is employed according to one of the 
emdobiment of the present invention; 
Rg. 6 is a cross-sectional view illustrating the pixel 
in the two<Jimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 7 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 8 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 9 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 10 is a cross-sectional view illustrating the pixel 
in the twodimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 1 1 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
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Fig. 12 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Fig. 13 is a cross-sectional view illustrating the pixel s 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Fig. 14 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 10 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Fig. 15 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according is 
to another embodiment of the present invention; 
Fig. 16 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 20 
Fig. 1 7 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Fig. 18 is a cross-sectional view illustrating the pixel 25 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Fig. 1 9 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 30 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Fig. 20 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 35 
to another embodiment of the present invention; 
Fig. 21 is a perspective view illustrating the struc- 
ture of pixel in the conventional two-dimensional 
infrared focal plane array in which thermal type 
detector is employed; 40 
Fig. 22 is a cross-sectional view illustrating the 
structure of the pixel in the conventional two-dimen- 
sional infrared focal plane array in which thermal 
type detector is employed; 

45 

Embodiments according to the present invention 
will be described below referring now to the accompany- 
ing drawings. 

Embodiment 1 so 

Fig. 1 is a sectional view illustrating the sectional 
structure abng a current route of one pixel of the two- 
dimensional infrared focal plane array using the thermal 
type light detector in the embodiment 1 of the invention. 55 
Referring now to the drawing, a signal readout circuit 
provided on the silicon substrate 1, irrelevant directly to 
the invention, is omitted for brief explanation. In Fig. 1, 



reference numeral 1 shows a silicon substrate as a 
semiconductor substrate. Reference numeral 1 1 shows 
a bolometer thin film as a temperature detecting ele- 
ment for detecting the temperature change. Fleference 
numerals 21 and 22 show support legs. The support 
legs are provided on the cavity portion 200 formed in the 
silicon substrate 1 and floats the temperature detecting 
portion 300 including the bolometer thin f am. Reference 
numerals 31 and 32 show metal wirings. The metal wir- 
ing is made of, for example, aluminum, titanium, tung- 
sten, and titanium nitride or the like and connects the 
bolometer thin film 1 1 with the readout circuit Refer- 
ence numeral 100 shows an insulating film (protective 
insulating film). Reference numeral 110 shows an insu- 
lating film. Two insulating films, made of silicon dioxide 
(SiCy film or silicon nitride (SiN) film or the like, which 
is respectively a material, large in thermal resistance, 
for controlling the outward flow of the heat (heat flow) 
into the silicon substrate. The two insulating films sup- 
port the temperature detecting portion, composing the 
mechanical structure of the support legs 21 . 22 and the 
temperature detecting portion 300. Reference numerals 
121 and 122 show contact portions for connecting the 
metal wirings 31 and 32 with the signal readout circuit 
and can be formed by a sputter method and a CVD 
method by using the aluminum and tungsten. Reference 
numeral 1 30 shows an infrared ray absorbing portion for 
absorbing the infrared rays and converting them into 
heat. It can be formed by the CVD method by using sili- 
con dioxide (SiO^, silicon nitride (SiN) and so on. Fur- 
thermore, the infrared absorbing portion can be 
composed of a laminated film of the silicon dioxide and 
the silicon nitride. Reference numeral 140 shows a 
splicing pillar. The splicing pillar retains the infrared ray 
absorbing portion away from the temperature detecting 
portion 300 and thermally couples the infrared ray 
absorbing portion 130 with the temperature detecting 
portion 300. It can be formed by the CVD method or the 
like by using the silicon dioxide and silicon nitride. Fur- 
thermore, the splicing pillar can be composed of a lami- 
nated film of the silicon dioxide and the silicon nitride. 
Reference numeral 200 shows a cavity portion formed 
within the silicon substrate 1 . Reference numeral 300 
shows a temperature detecting portion. The thermal 
type light detector, as in the conventional one, absorbs 
the infrared rays, when the infrared rays are irradiated, 
to raise the temperature and detect the temperature 
change. In the invention, the thermal type light detector 
is composed of the infrared ray absorbing portion and 
the temperature detecting element. The temperature 
detecting element detects the temperature change. The 
temperature change caused by the infrared ray absorb- 
ing portion through the incident infrared rays is transmit- 
ted through the splicing pillar. The temperature change 
is detected by the detection of the characteristic change 
such as electric resistance change. A means for detect- 
ing the characteristic change caused in the temperature 
detecting element is composed of the metal wiring, the 
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signal readout circuit and the contact portion. In the 
invention, a material to be used as the temperature 
detecting element is a bolometer thin film, ferroelectric 
substance having pyroelectric effect or thermopile or 
the like. An example of a material of the bolometer thin 
film comprises vanadium oxide, polycrystalline silicon, 
amorphous silicon or the like. An example of the ferroe- 
lectric substance having the pyroelectric effect com* 
prises lead zirconate titanate (PZT). lead titanate (PT), 
and barium strontium titanate (BST). The example of 
the thermopile material comprises splicing between p- 
type silicon and n-type polycrystalline silicon and splic- 
ing of polycrystalline silicon and aluminum. Further- 
more, in the two-dimensional infrared focal plane array 
device according to the invention, the thermal type light 
detector and a means for detecting the characteristic 
change of the thermal type light detector by the incident 
infrared rays are accumulated to compose the tempera- 
ture detecting unit, and the temperature detecting unit is 
arranged in two-dimension for each of the pixels on the 
silicon substrate. 

Fig. 2 is an explanatory plan view illustrating the 
planar layout of the portion, except for the infrared ray 
absorbing portion 130, of one pixel in the two-dimen- 
sional infrared focal plane array shown in Fig. 1 . In Fig. 
2, reference numeral 1000 shows one pixel. Reference 
numeral 400 shows one portion of a signal readout cir- 
cuit comprising a MOS transistor and a diode placed in 
the pixel portion. Reference numeral 500 shows a signal 
line for readout of the signals. Reference numeral 600 
shows a control clock path line for controlling the signal 
readout circuit 400. Reference numeral 33 shows a 
metal wiring for connecting the signal readout circuit 
400 with the control clock path line 600. Reference 
numerals 123 and 124 show contact portions for con- 
necting the metal wiring 33, the signal readout circuit 
400 and the control clock path line 600. The other por- 
tions are represented with the same reference numerals 
as those shown in Fig. 1. 

In the two-dimensional infrared focal plane array of 
the invention, a means for detecting the characteristic 
change of the thermal type light detector by the incident 
infrared rays, composed of metal wiring, signal readout 
circuit and contact portions, is provided in each pixel in 
such a manner that the means and the thermal type 
light detector is integrated and is arranged in two- 
dimension for each of the pixels on the silicon substrate 
as the semiconductor substrate. The temperature 
detecting portion 300 is composed of two insulating 
films 100, 1 10 and a bolometer thin film 1 1. The bolom- 
eter thin film is supported as a mechanical structure 
body by means of the structure with the insulating film 
1 00 arranged in the upper layer and the insulating film 
110 arranged in the lower layer. The temperature 
detecting portion has a splicing pillar formed on the 
insulating film 100 and receives the heat from the infra- 
red absorbing portion 130 through the splicing pillar. 
The resistance change in the bolometer thin film caused 



by the heat is caused between a signal line 500 through 
the metal wiring 31 and the contact portion 121, and a 
signal readout circuit 400 through the metal wiring 32 
and the contact portion 122. The support leg 21 is a 

5 mechanical structure body with the metal wiring 31 : , 
which is interposed between two insulating films 100 
and 110, and the support leg 22 is also a mechanical 
structure body as in the support leg 21. Each of the 
insulating . film of several hundreds nanometers is 

10 formed approximately 1 through 3 \xm in width, and 
approximately 1 \im in the total of the thickness. Two 
support legs 21 and 22 support the temperature detect- 
ing portion 300 and the metal wiring 31 and 32 to float 
them on the cavity portion 200. The temperature detect- 

15 ing portion 300, as a mechanical structure body, the 
support legs 21 and 22 composed of two insulating films 
100 and 110 support the infrared ray absorbing portion 
supported by the bolometer thin film 1 1 and the splicing 
pillar 140, and the splicing pillar 140. The support legs 

20 21 and 22 are composed of an insulting film made of a 
material, large in thermal resistance, for controlling the 
outward flow of the heat into the silicon substrate as 
described above. Furthermore, to make the thermal 
resistance larger, the length can be made sufficient by 

25 making the metal wirings 3 1 and 32 crawl meanderingly 
as shown in Fig. 2. 

Fig. 3 is a plan view illustrating a condition where 
plural pixels shown in Fig. 1 and Fig. 2 are arranged on 
the silicon substrate (not shown), with one portion of the 

30 arrangement of pixels of 2 x 4 and each of four adjacent 
infrared ray absorption portion for brief explanation. 
Referring now to Fig. 3, rectangular portions 1000 
through 1 007 shown in broken lines show the same pix- 
els as the pixels shown by numeral 1000 in Fig. 2 and 

35 the structure of the interior of the pixel is omitted except 
for the splicing pillars 140 through 147 shown in solid 
lines. In Fig. 3, the rectangular portions 130 through 137 
shown in solid lines are infrared ray absorbing portions 
shown at 130 of Fig. 1 . The infrared ray absorbing por- 

40 tion is supported away from the silicon substrate by the 
splicing pillars 140 through 147. The pixels 1000 
through 1007 formed on the surface of the silicon sub- 
strate and the infrared ray absorbing portions 130 
through 137 may be deviated as shown in the drawing, 

45 without being formed on the same area superposed in 
plane. 

As shown in the drawing, each area of the infrared 
ray absorbing portions 130 through 137 is an area 
except for slight space among the infrared ray light 

so receiving elements from the pixel area and the fill factor 
of the portion becomes much larger. Thus, although 
there is conventionally limitation that the area of the 
infrared ray absorption portion cannot be made larger 
because of infrared ray absorbing portion and the tem- 

55 perature detecting portion as one unit, the present 
invention can make the area of the infrared ray absorb- 
ing portion larger. 

The operation of the pixel of the two-dimensional 
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infrared focal plane array in which the thermal type light 
detector is employed according to the invention will be 
now described. The infrared rays are incident from the 
side of the infrared ray absorbing portion 130. The inci- 
dent infrared rays are absorbed by the infrared ray 5 
absorbing portion 130, and the temperature of the infra- 
red ray absorbing portion 130 is raised. The tempera- 
ture change in the infrared ray absorbing portion 130 is 
transmitted to the temperature detecting portion 300 
through the splicing pillar 140 to raise the temperature w 
in the temperature detecting portion 300. The thermal 
resistance of the splicing pillar 140 is designed smaller 
as compared with the thermal resistance of the support 
legs 21 and 22. 

The thermal capacity totaled in three structure bod- 15 
ies of the temperature detecting portion 300, the splic- 
ing pillar 140 and the infrared ray absorbing portion 130, 
and the time constant to be decided by the thermal 
resistance of the support legs 21 and 22 are designed 
to be shorter than the frame time (time required to read 20 
all the signals equivalent to one picture area portion or 
time required to read the signals of all the pixels of the 
focal plane array). The temperature rise in the tempera- 
ture detecting portion 300 becomes almost the same as 
the temperature rise in the infrared ray absorbing por- 25 
tion 130. Therefore, as the effective fill factor is decided 
by the area of the infrared ray absorbing portion 130, 
the fill factor can be made much larger as described 
above. 

Next, the method for manufacturing the two-dimen- 30 
sional infrared focal plane array in the structure of the 
embodiment will be described hereinafter. Figs. 4(a) 
through 4(c) and Figs. 5(a) and 5(b) are sectional views 
illustrating the steps for manufacturing one pixel of the 
two-dimensional infrared focal plane array in the 35 
embodiment. Referring to Fig. 4(a), a signal readout cir- 
cuit (not shown) is formed on the silicon substrate 1, 
and then the insulating film 110, the contact portions 
121 and 122 are formed. Then, the metal wirings31 and 
32, and the bolometer thin film 1 1 are formed. Finally, a 40 
condition where the surface is covered with the insulat- 
ing f8m (protective insulating film) 100 is shown. The 
structure described so far can be made easily by using 
the art used in the general semiconductor manufactur- 
ing process. 45 

In Fig. 4(b), a sacrifice layer 1 70 to be removed at a 
later step is formed on the structure shown in Fig. 4(a). 
A portion for forming a splicing pillar in the sacrifice 
layer 1 70 is removed by the photolithography technique 
so as to bury the removed portion with a material of so 
which the splicing pillar is formed. A material to be used 
for a sacrifice layer can be any one which is an etchant, 
in forming the splicing pillar, which is hard to etch the 
splicing pillar and can be etched easily. When the sacri- 
fice layer is made of the polycrystalline silicon, the sili- 55 
con dioxide (Si0 2 ) or the like can be provided. Also, the 
thickness of the sacrifice layer is approximately 1 
through 2 ^m. In this step, it is desirable to flatten the 



uppermost surface with the etchback technique or the 
like so that it is flattened. Before forming the sacrifice 
layer, the silicon substrate is etched, and an etching 
window for forming the cavity portion 200 within the sub- 
strate is formed with the insulating films 100 and 110 in 
such a manner as to be partially removed with the pho- 
tolithography technique. 

In Fig. 4(c), a thin film which is to be the infrared ray 
absorbing portion 130 is formed on the structure of Fig. 
4(b) and is patterned so as to separate the infrared ray 
absorbing portion for each of the pixels for planar layout 
shown in Fig. 2. 

Fig. 5(a) shows a condition where the sacrifice layer 
1 70 is etched from the opening portion on the periphery 
of the infrared ray absorbing portion 130 so as to float 
the portion under the infrared ray absorbing portion 130 
from the silicon substrate 1 with the splicing pillar 140 
remaining unchanged. 

Fig. 5(b) shows one pixel structure of the two- 
dimensional infrared focal plane array of the invention in 
the final step as shown in Fig. 1. In the previous step, 
the silicon surface of the etching hole portion in the sili- 
con substrate described in the step of Fig. 4(b) is 
exposed. Fig. 5(b) shows a condition where the cavity 
portion 200 is formed in the silicon substrate in such a 
manner that the silicon substrate is etched from the por- 
tion. The anisotropic etching operation can be per- 
formed with the delayed etching speed when (111) 
crystal surface is exposed onto the surface, by using a 
liquid such as potassium hydroxide (KOH), tetramethyj 
ammonium hydroxide (TMAH) in the etching of silicon. 
The sectional cavity portion can be made as shown 
without being enlarged widely from the constant size of 
the surface shape of the cavity portion with using the sil- 
icon substrate having the (100) crystal face to be gener- 
ally used in the MOS semiconductor element or the 
CMOS semiconductor element. 

Although one splicing pillar is described in the 
embodiment, the splicing pillar can be made plural. The 
same things can be in common about all the embodi- 
- merits. 

Although the position of the splicing pillar when 
seen in plane is optional, and the infrared ray absorbing 
portion can be supported in the mechanical structure, a 
position is desirable where large temperature distribu- 
tion is not caused in the infrared ray absorbing portion. 
A position for the splicing pillar for satisfying the condi- 
tions is optimum below the position adjacent to the 
center of the gravity of the infrared ray absorbing por- 
tion. The situation can be applied commonly about all 
the embodiments shown hereinafter. 

The splicing pillar is formed in a shape the cross 
section of which is a rectangle or a circle. The shape 
can be optional. The length of the longer side of the rec- 
tangle is approximately several micrometers. The diam- 
eter of the circle approximately several micrometers. 
Hereinafter, the length of the longer side of the rectan- 
gle or the diameter of the circule is referred to as a pillar 
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size in cross section. On the other hand, the height of 
the splicing pillar is referred to as a pillar size in height. 
The thermal resistance can be designed to be provided 
which is sufficiently smaller as compared with the ther- 
mal resistance of the support legs for thermally coupling 5 
the temperature detecting portion with the silicon sub- 
strate so that significant difference may not be caused in 
temperature between the infrared ray absorbing portion 
and the temperature detecting portion. The same things 
can be commonly applied to about all the embodiments 
shown hereinafter. 

Embodiment 2 

Figs. 6(a) and 6(b) are each sectional view of one 
pixel showing another embodiment of the two-dimen- 
sional infrared focal plane array using the thermal type 
light detector according to the invention. Referring now 
to the drawings, reference numeral 1 50 shows a metal 
reflection film as a reflection film. Reference numeral 
160 shows a metal infrared ray absorbing film. In the 
embodiment, an optical resonant structure is formed as 
the infrared ray absorbing portion comprising three- 
layer structure in such a manner that a thin metal reflec- 
tion film 150 is provided under the infrared ray absorb- 
ing portion 130 and an extremely thin metal infrared ray 
absorbing film 160 provided above the infrared adsorb- 
ing portion. Although not shown above, the structure 
can be an infrared ray absorbing one of two layers with 
the metal reflection film 150 provided under the infrared 
ray absorbing portion 130. According to the embodi- 
ment, the infrared rays can be absorbed efficiently as 
compared with the pixel of the structure shown in Fig. 1 . 
The metal reflection film 1 50 is made of aluminum or the 
like, and is several hundreds nanometers in thickness. 
The metal infrared ray absorbing film 160 is made of, for 
example, nickel chromium alloy or the like and is several 
nanometers in thickness. The sheet resistance is desir- 
able to be approximately 377 £1 Although not shown, 
another insulating film can be formed as an interlayer 
insulating film further under the metal reflection film 
150. Still another insulting film may be formed as the 
interlayer insulating film further under the metal reflec- 
tion film 150 and on the metal infrared ray absorbing film 
160. The other insulating film is suitable which has a 
function of protecting the metal reflection film 150 in the 
sacrificing etching operation. For example, silicon diox- 
ide (Si0 2 ) or the like can be used. A position where the 
infrared ray absorbing structure is provided by the infra- 
red ray absorbing structure of such two-layer structure 
or the optical resonant structure of three-layer structure 
can be only one portion of the infrared ray absorbing 
portion. The same thing can be said as in the embodi- 
ment, except for provision of the infrared ray absorbing 
structure or the optical resonant structure in the infrared 
ray absorbing portion. 

Even in the conventional embodiment shown in Fig. 
22, the optical resonant structure is formed of the reflec- 



tion film 970. Although the effect of the optical resonant 
structure depends upon the distance between the 
reflection film and the absorber, it is difficult to control 
the effect of the infrared ray absorption caused by the 
optical resonant structure, because in the conventional 
system, the distance becomes one between the metal 
reflection film 970 and the infrared ray detector portion 
910 and the support legs can be deformed due to the 
inner stress of the film. On the other hand, in the struc- 
ture shown in Fig. 6, the effect of the infrared ray 
absorption by the optical resonant structure is easy to 
control, because the effect is dependent upon the film 
thickness of the infrared ray absorbing portion 130 and 
the film thickness of the metal infrared ray absorbing 
film 160. 

Embodiment 3 

Rg. 7 is a sectional view illustrating the sectional 
structure of one pixel of the two-dimensional infrared 
focal plane array in which the thermal optical detector in 
another embodiment of the invention is employed. In 
Fig. 7, reference numeral 330 shows an infrared ray 
absorbing portion where the splicing pillar in the embod- 
iment 1 is formed in one body with the same compo- 
nents as those of the infrared ray absorbing portion. In 
the embodiment, instead of the splicing pillar 140 shown 
in Fig. 1 . the splicing between the infrared ray absorbing 
portion and the temperature detecting portion is com- 
posed of a structure formed in one body with the infra- 
red ray absorbing portion 330. The splicing pillar is the 
same as in the embodiment 1 , except that the structure 
is formed in one body with the infrared ray absorbing 
portion. 

Rg. 8 is a sectional view illustrating the embodi- 
ment with one portion of the infrared ray absorbing por- 
tion 330 shown in Fig. 7 being removed. Referring to the 
drawing, reference numeral 340 shows an infrared ray 
absorbing portion whose one portion, i.e., a portion 
(near a central portion of the temperature detecting por- 
tion) in contact with the temperature detecting portion, 
of the infrared ray absorbing portion 330 in the embodi- 
ment 2. Removing operation can be performed by a 
photolithography technique as a removing method. In 
the structure, the thermal capacity of the infrared ray 
absorbing portion can be reduced, because one portion 
in the infrared ray absorbing portion in contact with the 
temperature detecting portion 300 as shown in Fig. 8 is 
removed. 

Embodiment 4 

Rg. 9 is a sectional view illustrating of one pixel of 
the two-dimensional infrared focal plane array in which 
the thermal type light detector in another embodiment of 
the invention is employed. Referring to Fig. 8, reference 
numeral 331 shows an infrared ray absorbing portion. 
Reference numeral 350 shows a metal reflection film. 
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Reference numeral 360 shows a metal infrared ray 
absorbing film. The same item shown in the embodi- 
ment 2 and the embodiment 3 can be used for the metal 
reflection film and the metal infrared ray absorbing film. 
In the embodiment 4, the splicing operation of the infra- 5 
red ray absorbing portion 130, the metal reflection film 
150 and the metal infrared ray absorbing film 160 and 
the temperature detecting portion 300 in the embodi- 
ment 2 is constructed through a structure formed in one 
body with the use of the infrared ray absorbing portion, 10 
the metal reflection film and the metal infrared ray 
absorbing film, instead of the splicing pillar 140 shown 
in Fig. 6. Namely, at least one portion of the splicing pil- 
lar is formed of the same material as that of the infrared 
ray absorbing portion. The embodiment is the same as 75 
in the other embodiments 1 through 3 in the exception 
that the optical resonant structure is provided in the 
infrared ray absorbing portion and the splicing pillar is 
composed of the structure in one body with the one 
body structure between the infrared ray absorbing por- 20 
tion and the optical resonant structure. The infrared ray 
absorbing portion 331 . the metal reflection film 350 and 
the metal infrared ray absorbing film 360 can be formed 
into the structure in one body by the CVD method or a 
sputter method. Even in the structure, the center of the 25 
temperature detecting portion can be exposed with the 
infrared ray absorbing portion 331 in contact with the 
temperature detecting portion 300, the metallic reflec- 
tion film 350 and the metal infrared ray absorbing film 
360 partially removed as shown in the embodiment 3. 30 
Although not shown, another insulating film (interlayer 
insulating film) can be formed under the metal reflection 
film 350 and on the metal infrared ray absorbing film 
360. Also, a position where the absorbing structure of 
the infrared ray by the optical resonant structure of 35 
three-layer structure is provided can be provided with 
only one portion in the infrared ray absorbing portion as 
shown in the embodiment 2. 

Embodiment 5 40 

Fig. 10 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array where 
the material of the splicing pillar in the embodiment 2 is 
changed. In Fig. 10, reference numeral 335 shows an 45 
infrared ray absorbing portion. Reference numeral 355 
shows a metal reflection film. Reference numeral 365 
shows a metal infrared ray absorbing film with the splic- 
ing pillar formed in one body as one body structure with 
the metal reflection film 355. In this case, the metal so 
reflection film 355 is desirable to be aluminum as a 
material for strength necessary to support the infrared 
ray absorbing portion. Also, the pillar size in cross sec- 
tion is desirable to be several micrometers and the pillar 
size in height is desirable to be 1 through 2 nm. In the ss 
embodiment, to form as one body structure with the 
splicing pillar and the metal reflection film, the portion 
for forming the splicing pillar of the sacrifice layer is 



removed with the photolithography technique. After the 
removed portion is filled with aluminum, i.e., a material 
for forming the metal reflection film, the metal reflection 
film has only to be formed continuously. The manufac- 
turing step can be simplified by the formation in this 
manner. 

Embodiment 6 

Fig. 11 is a sectional view illustrating one pixel of 
the two-dimensional focal plane array where the metal 
reflection film is provided only under the infrared ray 
absorbing portion with the shape of the splicing pillar 
changed in the embodiment 4. In Fig. 11, reference 
numeral 336 shows an infrared ray absorbing portion. 
Reference numeral 356 shows a metal reflection film. 
Reference numeral 366 shows a metal infrared ray 
absorbing film with the splicing pillar being formed of the 
same components as those of the infrared ray absorb- 
ing portion and the metal infrared ray absorbing film. 
Namely, at least one portion of the splicing pillar is 
formed of the same components as those of the infrared 
ray absorbing portion. In this case, to obtain strength 
necessary for supporting the infrared ray absorbing por- 
tion, silicon dioxide (SiO^) or silicon nitride (Si N) or a 
laminated film comprising them is desirable as a mate- 
rial used for the infrared ray absorbing portion/Also, the 
pillar size in cross section is desirable to be several 
micrometers and the pillar size in height is desirable to 
be 1 through 2 jxm. In the embodiment, to form the splic- 
ing pillar with the same components as those of the 
infrared ray absorbing portion and the metal infrared ray 
absorbing film, the portion for forming the splicing pillar, 
of the sacrifice layer, is removed with the photolithogra- 
phy technique. The metal reflection film and the metal 
infrared ray absorbing film have only to be formed on 
the removed portion and the sacrifice layer after the 
metal reflection film has been formed on the sacrifice 
layer except for the removed portion. The manufacturing 
step can be simplified by the formation in this manner. 

Embodiment 7 

Fig. 12 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array using the 
thermal type light detector according to another embod- 
iment of the invention. A signal readout circuit provided 
on the silicon substrate, which is not related directly to 
the invention is omitted for simplification. In Fig. 12, ref- 
erence numeral 2 shows a silicon substrate as the sem- 
iconductor substrate. Reference numeral 710 shows a 
temperature detecting portion. Reference numeral 71 1 
shows a bolometer thin film as the temperature detect- 
ing element for detecting the temperature change. Ref- 
erence numerals 721 and 722 show support legs. The 
support legs are provided on the cavity portion 790 
formed on the silicon substrate 2 and float the tempera- 
ture detecting portion 710 including the bolometer thin 
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film. The temperature detecting portion is formed to be 
positioned above the readout circuit formed on the sili- 
con substrate. Reference numerals 731 and 732 show 
metal wirings and the metal wirings connect the bolom- 
eter thin film 71 1 with the readout circuit. Reference 
numeral 750 shows an insulating lilm (protective insulat- 
ing film). Reference numeral 760 shows an insulating 
film. Two insulating films are composed of silicon diox- 
ide film and silicon nitride film which are large in thermal 
resistance. The two insulating films support the temper- 
ature detecting portion by composing the mechanical 
structure, i.e. the support legs 721 , 722 and the temper- 
ature detecting portion 710. Reference numerals 771 
and 772 show contact portions for connecting metal wir- 
ings 731, 732 and the signal readout circuit. Reference 
numeral 130 shows an infrared ray absorbing portion for 
absorbing the infrared rays and converting them into 
heat. Reference numeral 140 shows a splicing pillar. 
The splicing pillar retains the infrared ray absorbing por- 
tion away from the temperature detecting portion 710 
and also, couples the infrared ray absorbing portion 1 30 
with the temperature detecting portion 710 thermally. 
Reference numeral 780 shows an insulating film. Refer- 
ence numeral 790 shows a cavity portion formed on the 
silicon substrate 2. A material and a forming method to 
be used for respective portions are the same as in the 
embodiments 1 through 6. A means for detecting the 
characteristic change in the thermal type light detector 
by the incident infrared ray is the same as in the embod- 
iments 1 through 6 in that it is composed of metal wiring, 
signal readout circuit and contact portion. Also, the tem- 
perature detecting portion 710 is composed of two insu- 
lating films 750, 760, and the bolometer thin film 71 1 . 
The bolometer thin film is the same as in the embodi- 
ments 1 through 6 even in that the bolometer thin film is 
supported as the mechanical structure body by the 
structure where the insulating film 750 is provided on it 
and the insulating film 760 is provided under it. Two- 
dimensional infrared focal plane array in this embodi- 
ment is in structure where the infrared ray absorbing 
portion 130 is provided shown in the embodiment 
through the splicing pillar 1 40 on the structure except for 
the metal reflection film 970, of the structure of the con- 
ventional two-dimensional infrared focal plane array 
shown in Fig. 22, with the same structure as in the 
embodiments 1 through 6. To form the infrared ray 
absorbing portion and the splicing pillar, the same oper- 
ation can be performed as in the embodiment 1 . 

Embodiment 8 

Fig. 13 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array in which 
the thermal type light detector according to another 
embodiment of the invention is employed. The two- 
dimensional infrared focal plane array in this embodi- 
ment is constructed so that the infrared ray absorbing 
portion 330 of structure in one body where the splicing 



pillar between the infrared ray absorbing portion 130 
and the temperature detecting portion 300 is formed in 
one body with the same components as those of the 
infrared ray absorbing portion 130, instead of tiie splic- 

5 ing pillar 140 shown in Fig. 12, on the structure (except 
for the metal reflection film 970) of the conventional two- 
dimensional infrared focal plane array shown in Fig. 22, 
with the other structure being the same as that of the 
embodiment 7. To form the splicing pillar into structure 

io in one body with the infrared ray absorbing portion, the 
operation can be effected as in the embodiment 3. 

Embodiment 9 

is Fig. 14 is a sectional view illustrating one pixel in 
the two-dimensional infrared focal plane array in which 
a thermal type light detector according to another 
embodiment of the invention is employed. The two- 
dimensional infrared focal plane array according to the 

20 embodiment is constructed to form the optical resonant 
structure as the infrared ray absorbing portion of three- 
layer structure with the infrared ray absorbing portion 
130, the metal reflection film 150 and the metal infrared 
ray absorbing film 160 provided through the splicing pil- 

25 lar 1 40 and the splicing pillar on the structure of the con- 
ventional two-dimensional infrared focal plane array 
shown in Fig. 22. Also, although not shown, the metal 
reflection film 150 can be made into an infrared ray 
absorbing portion of two-layer under the infrared ray 

30 absorbing portion 130. ft is the same as the embodi- 
ment 6 with the exception that the infrared ray absorbing 
portion has the infrared ray absorbing structure or the 
optical resonant structure. Although not shown, another 
insulating film may be formed under the metal reflection 

35 film 150 of the infrared ray absorbing structure or 
another insulating film may be formed under the metal 
reflection film 150 of the optical resonant structure and 
on the metal infrared ray absorbing film 160. Also, a 
position where the absorbing structure of the infrared 

40 ray is provided by the infrared ray absorbing structure 
comprising two-layer structure or the optical resonant 
structure comprising three-layer structure is provided 
can be only one portion of the infrared ray absorbing 
portion. 

45 

ErrfoQdiment 10 

Fig. 15 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array in which 

so a thermal type light detector according to another 
embodiment of the invention is employed. The two- 
dimensional infrared focal plane array according to the 
embodiment is the one body structure where the infra- 
red ray absorbing portion 331, the metal reflection film 

55 350 and the metal infrared ray absorbing film 360 are 
formed in one body on the structure (except for the 
metal reflection film 970) of the conventional two-dimen- 
sional infrared focal plane array shown in Fig. 22. At 
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least one portion of the slicing pillar is formed of the 
same material as that of the infrared ray absorbing por- 
tion and the infrared ray absorbing portion with the opti- 
cal resonant structure attached to it, composed of the 
metal reflection film 350 and the metal infrared ray 
absorbing film 360, with other structure which is the 
same as that of the embodiment 9. Also, although not 
shown, another insulating film may be formed under the 
metal reflection film 350 and on the metal infrared ray 
absorbing film 360. Also, a position where the absorbing 
structure of the infrared ray by the optical resonant 
structure of three-layer structure is provided can be only 
one portion of the infrared ray absorbing portion. Also, 
in this embodiment, one portion in the infrared ray 
absorbing portion in contact with temperature detecting 
portion can be removed to reduce thermal capacity of 
the infrared ray absorbing portion, as is the case with 
Fig. 8 of Embodiment 3. 

Embodiment 1 1 

Fig. 16 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array with the 
material of the splicing pillar in the embodiment 9 being 
changed. Referring to Fig. 16, the metal reflection film 
355 is formed as one body structure with the splicing pil- 
lar on the conventional two-dimensional infrared focal 
plane array (except for the metal reflection film 970) 
shown in Fig. 22. A method of forming it in this manner 
is the same as that of the embodiment 5 with other 
structure being the same as in the embodiment 9. 
Although not shown, another insulating film can be 
formed under the metal reflection film 355 and on the 
metal infrared ray absorbing film 365. Also, a position 
where the absorbing structure of the infrared ray by the 
optical resonant structure of three-layer structure is pro- 
vided can be only one portion of the infrared ray absorb- 
ing portion. Also, in this embodiment, one portion in the 
infrared ray absorbing portion in contact with the tem- 
perature detecting portion can be removed to reduce 
thermal capacity of the infrared ray absorbing portion, 
as is the case with Fig. 8 of Embodiment 3. 

Embodiment 12 

Fig. 17 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array where 
the metal reflection film 356 is provided under the infra- 
red ray absorbing portion with the shape of the splicing 
pillar in the embodiment 10 being changed. Referring to 
Fig. 1 7, the splicing pillar is formed of the same compo- 
nents as those of the infrared ray absorbing portion and 
the metal infrared ray absorbing film 366. Namely, at 
least one portion of the splicing pillar is formed with the 
same material as that of the infrared ray absorbing por- 
tion. A method of forming it in this manner is the same 
as that of the embodiment 5 with other structure being 
the same as in the embodiment 10. Although not 



shown, another insulating film can be formed under the 
metal reflection film 356 and on the metal infrared ray 
absorbing film 366. Also, a position where the absorbing 
structure of the infrared ray by the optical resonant 
5 structure of three-layer structure is provided can be only 
one portion of the infrared ray absorbing portion. 

Embodiment 13 

10 Fig. 18 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array accord- 
ing to the embodiment with the position of the bolometer 
thin film of the embodiment shown in Fig. 7 being 
changed. Referring to the drawing, reference numeral 

is 12 shows a bolometer thin film as a temperature detect- 
ing element. Reference numerals 125 and 126 show 
contact portions. Reference numeral 332 shows an 
infrared ray absorbing portion formed as structure in 
one body as the splicing pillar. Referring to the embodi- 

20 merit, instead of a splicing pillar 140 as in the embodi- 
ment shown in Fig. 7, the splicing between the infrared 
ray absorbing portion 332 and the temperature detect- 
ing portion 300 is constructed as one body structure, 
with the splicing pillar being formed in one body with the 

25 same components as those of the infrared ray absorb- 
ing portion 332. The bolometer thin film 12 is formed on 
the upper surface of the infrared ray absorbing portion 
332 and is connected with the metal wiring 31 with con- 
tact portion 125, and is connected with the metal wiring 

30 32 by the contact portion 126. The embodiment is the 
same as in the embodiment 3 with exception in that the 
bolometer thin film 12 is formed on the upper surface of 
the infrared ray absorbing portion. 

Even in the structure, one portion of the infrared ray 

35 absorbing portion 332 in contact with the temperature 
detecting portion 300 can be removed. 

Embodiment 14 

40 Fig. 19 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array when an 
isotropic etching operation is adopted as an etching 
method for a silicon substrate. Referring to the drawing, 
reference numeral 3 shows a silicon substrate as a 

45 semiconductor substrate. Reference numeral 13 shows 
a bolometer thin film as a temperature detecting ele- 
ment. Reference numeral 180 shows an etching hole. 
Reference numeral 201 shows a cavity portion. Refer- 
ence numeral 333 shows an infrared ray absorbing por- 

50 tion. Reference numeral 441 shows a splicing pillar. 
Even in this embodiment, a material and a forming 
method to be used for forming the respective portions 
are the same as in the embodiment 1. In this embodi- 
ment, an etching hole 180 is provided with respect to 

55 the silicon substrate in a portion positioned approxi- 
mately near the center of the cavity portion for forming 
within the silicon substrate. The etching hole 180 is 
approximately several micrometers in diameter and 



11 



ISDOCID. <EP 085941 3A2J_> 



21 



EP 0 859 413 A2 



22 



penetrates to the cavity portion 201 from the infrared ray 
absorbing portion 333. When etching the silicon through 
the etching hole 180 before the sacrifice layer 170 
shown in Fig. 4 is removed, the isotropic etching is per- 
formed as shown in the drawing, and the cavity portion 5 
201 is formed as shown. The isotropic operation can be 
performed through the anisotropic etching by potassium 
hydroxide and tetramethyl ammonium hydroxide. Fig. 
19 is a sectional view illustrating the structure where an 
etching hole is provided in accordance with Fig. 1. It is 10 
possible to change the structure through provision of 
the same etching hole even with respect to the structure 
shown in Fig. 6, Fig. 7, and Fig. 8. Although an etching 
hole 180 is formed through the splicing pillar 140 in the 
structure shown in Fig. 19, the etching hole is not 75 
required to extend through the splicing pillar 140. For 
example, it can be provided except a location where the 
support legs are provided. Also, a plurality of etching 
holes can be provided near the center of the cavity por- 
tion 201. In this case, the sacrifice layer 170 can be 20 
removed after the formation of the cavity portion within 
the substrate, thus allowing wide selection in the manu- 
facturing step. 

Embodiment 15 25 

Fig. 20 is a sectional view illustrating the structure 
when an isotropic etching is adopted as the etching 
method for the silicon substrate. Referring to the draw- 
ing, reference numeral 4 shows a silicon substrate as a 30 
semiconductor substrate. Reference numeral 190 
shows an etching stop layer Reference numeral 202 
shows a cavity portion. As shown in the drawing, an 
etching stop layer 190 is formed to stop the etching on 
the periphery of the cavity portion 202. As a material for 35 
forming the etching stop layer 190, as a material resist- 
ant to the etchant to be used in the formation of the cav- 
ity portion, can be used, for example, a silicon film oxide 
and a p-doped impurity layer of the high density formed 
by ion introducing can be used, and can be filled into the 40 
silicon substrate during the step of providing the readout 
circuit 

Although bolometer thin film is used as the temper- 
ature detecting element for detecting the temperature 
change in all the embodiments shown so far, the inven- 45 
tion can obtain the same effect even when the afore- 
mentioned py roe! ectric body, thermopile or the like as a 
means for detecting the temperature change. 

Among the embodiments, the most preferred 
embodiment in the practical use is one in which the so 
infrared ray absorbing portion and the temperature 
detecting portion in accordance with the embodiment 1 
or 1 1 are formed respectively in layers different from 
each other. In such embodiment the infrared ray 
absorbing portion is composed of a material capable of 55 
allowing optical designing possible so as to absorb the 
infrared rays. It is composed of the silicon dioxide (Si0 2 ) 
or silicon nitride formed by the CVD method or of the 



laminated films thereof. The splicing pillar can be pro- 
duced of silicon dioxide, silicon nitride and these lami- 
nated films by the CVD method in which strength 
sufficient in mechanical structure and small thermal 
capacity can be realized. In the temperature detecting 
element, the bolometer thin film is desirable. As the 
material of the bolometer thin film can be used vana- 
dium oxide, polycrystalline silicon or amorphous silicon 
which is large in resistance temperature coefficient and 
is advantageous for realization of the higher sensitivity. 

An area of the infrared ray absorbing portion at this 
time is 48 jim, wherein the size of the pixel is 50 jim, and 
the width of the patterning operation of the infrared ray 
absorbing portion by photolithography is 2 nm. The fill 
factor becomes as extremely large as 92 % as com- 
pared with the conventional structure so that the higher 
sensitivity can be achieved. 

In the invention, the infrared ray absorbing portion 
and the temperature detecting portion are formed as dif- 
ferent layers as described above, and the splicing pillar 
is provided by means of mechanically and thermally 
coupling the infrared ray absorbing portion and the tem- 
perature detecting portion. Therefore, the infrared ray 
absorbing portion can be designed independently from 
the designing of the temperature detecting portion, thus 
realizing the higher fill factor and higher sensitivity. 

The two-dimensional infrared focal plane array 
according to the invention is supported with support 
legs made of a material, larger in thermal resistance, for 
controlling the outward flow of the heat into the semi- 
conductor substrate. The temperature detecting portion 
including the temperature detecting element and the 
infrared ray absorbing portion having the temperature 
detecting portion connected through at least one splic- 
ing pillar are provided on the semiconductor substrate. 
Since the splicing pillar is provided by means of 
mechanically and thermally coupling the temperature 
detecting portion, the infrared ray absorbing portion can 
be designed independently of the designing of tempera- 
ture detecting portion, so that the higher fill factor and 
the higher sensitivity can be realized. 

Since the temperature detecting portion is provided 
on the cavity portion formed in the semiconductor sub- 
strate, higher sensitivity with large thermal resistance 
can be realized. 

Since the two-dimensional infrared focal plane 
array according to the invention has the infrared ray 
absorbing structure comprising reflection film and inter- 
layer insulting film provided on at least one part of the 
infrared ray absorption portion, the absorption of the 
infrared rays is easy to be controlled, with an effect of 
absorbing the infrared ray more effectively for higher 
sensitivity. 

Since the two-dimensional infrared focal plane 
array according to the invention has optical resonant 
structure comprising the reflection film, interlayer insu- 
lating film and the metal infrared ray absorbing film pro- 
vided on at least one part of the infrared ray absorbing 
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portion, the absorption of the infrared ray is easier to be 
controled, the infrared rays can be absorbed much more 
efficiently with higher sensitivity. 

Since at least one portion of the splicing pillar is 
made of the same material as the infrared ray absorbing s 
portion, the manufacturing step can be simplified. 

An optical resonant structure comprising the 
reflecting film t the interlayer insulating film and the 
metal infrared ray absorbing film in provided on at least 
one portion of the infrared ray absorbing portion, and 10 
the splicing pillar is formed in one body with the metal 
infrared ray absorbing film, so that the manufacturing 
step can be simplified. 

Since at least one part of the splicing pillar is 
formed of the same components as the infrared ray 15 
absorbing portion, the portion being in contact with the 
temperature detecting portion, of the infrared ray 
absorbing portion, is removed higher sensitivity through 
reduction in the thermal capacity of the infrared ray 
absorbing portion can be obtained. so 

Since in the two-dimensional infrared focal plane 
array according to the invention, the etching hole pene- 
trating from the infrared ray absorbing portion to the 
cavity portion is provided in the vicinity of the center of 
the cavity portion, the unnecessary etching of the sub- 25 
strate is reduced, allowing wide selection for the manu- 
facturing step. 

Since the two-dimensional infrared focal plane 
array according to the invention has an etching stop 
layer comprising a material resistant to the enchant 30 
which is employed when forming the cavity portion 
within the semiconductor substrate around the cavity 
portion, the unnecessary etching of the substrate is 
reduced, allowing wide selection of the manufacturing 
step. 35 

Since the temperature detecting element is formed 
on the surface of the infrared ray absorbing portion, the 
infrared focal plane array in which the bolometer mate- 
rial which can not be used in the semiconductor process 
can be employed. *o 

Since in the two-dimensional infrared focal plane 
array according to the invention the temperature detect- 
ing portion is formed above the readout circuit on the 
semiconductor substrate, wide selection of the etching 
method for forming the cavity portion is possible and 45 
effective use of an area by arranging of one portion of 
the components of the readout circuit in the area under 
the cavity portion. 

Since the temperature detecting portion has the 
infrared ray absorbing structure comprising the ref lec- so 
Won film and the interlayer insulating film is provided on 
at least one part of the infrared absorbing portion, the 
absorption of the infrared ray is easy to be controled, 
and the higher sensitive operation is obtained by 
absorbing the infrared rays more efficiently. ss 

Since the temperature detecting portion has optical 
resonant structure comprising the reflection film, the 
interlayer insulting film and the metal infrared ray 



absorbing film is provided on at least one portion of the 
infrared ray absorbing portion, the absorption of the 
infrared rays is easy to be controled, and the higher sen- 
sitive operation is obtained by absorbing the infrared 
rays more efficiently. 

Since at least one portion of the splicing pillar is 
made of the same material as the infrared ray absorbing 
portion, the manufacturing step can be simplified. 

Since the optical resonant structure comprising the 
reflection film, the interlayer insulating film and the 
metal infrared ray absorbing film is provided on at least 
one part of the infrared ray absorbing portion, and the 
splicing pillar is formed in one body with the metal infra- 
red ray absorbing film, the manufacturing step can be 
simplifed. 

Since the bolometer thin film is provided as the tem- 
perature detecting element in the two-dimensional infra- 
red focal plane array according to the invention, the 
temperature change can be detected effectively. 

Since in the two-dimensional infrared focal plane 
array according to the invention ferroelectric film having 
pyroelectric effect may be adopted as the temperature 
detecting element, the temperature change can be 
detected effectively. 

Since in the two-dimensional infrared focal plane 
array according to the invention the thermopile may be 
adopted as the temperature detecting element, the tem- 
perature change can be detected effectively. 

Since in the two-dimensional infrared focal plane 
array according to the invention, the splicing pillar is pro- 
vided below a position adjacent to the location of the 
center of the gravity of the infrared ray absorbing por- 
tion, the infrared ray absorbing portion in structure can 
be stabilized. 

Since in the two-dimensional infrared focal plane 
array according to the invention, the thermal resistance 
in the splicing pillar is smaller than the thermal resist- 
ance in the support leg, an effect that temperature in the 
temperature detecting portion is made equal. 

According to the manufacturing method for the two- 
dimensional infrared focal plane array of the invention 
comprising: 

a) on a semiconductor substrate, a step of forming 
a signal readout circuit, then forming an insulating 
film, contact portions, further forming metal wirings 
and a temperature detecting element and covering 
with a protective insulating film as a whole; 

b) a step of forming sacrifice layer on said protec- 
tive insulating film, removing an area for forming a 
splicing pillar layer by photolithography technique, 
said area being one of said sacrifice layer, then fill- 
ing a material to be said splicing pillar layer into said 
removed area; 

c) on said sacrifice layer and said splicing pillar 
layer, a step of forming a thin film to be an infrared 
absorbing portion, then patterning for deviding said 
infrared ray absorbing portion for every pixel; 
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d) a step of etching said sacrifice layer to remove; 

e) a step of etching said silicon substrate to form a 
cavity portion in said silicon substrate, better manu- 
facturing productivity can be obtained. 

Since a manufacturing method of the invention 
comprises a step of flattening the surface of the sacri- 
fice layer and the splicing pillar through an etchback 
operation, of the b) step, an effect of simplifying the for- 
mation of the infrared ray absorbing portion. 

Since the manufacturing method of the invention 
comprises a step of forming the cavity portion through 
anisotropic etching operation of the semiconductor sub- 
strate in the e) step, manufacturing the shape of the 
cavity portion with better controlling property can be 
obtained. 

Since the manufacturing method of the invention 
comprises a step of performing anisotropic etching 
operation with the use of either of potassium hydroxide, 
and tetramethyl ammonium hydroxide, the etching oper- 
ation of the cavity portion can be simplified. 

Though several embodiments of the present inven- 
tion are described above, it is to be understood that the 
present invention is not limited only to the above-men- 
tioned, various changes and modifications may be 
made in the invention without departing from the spirit 
and scope thereof. 

A two-dimensional infrared focal plane array com- 
prising temperature detecting units in which the temper- 
ature detecting units are arranged for every pixel in a 
two-dimensional arrangement on a semiconductor sub- 
strate, the temperature detecting unit being formed inte- 
grally with a thermal type light detector and a means for 
detecting a change in characteristic of the thermal type 
light detector, the change being caused by an incident 
infrared ray, 

wherein a temperature detecting portion which is sup- 
ported by support legs comprising a high thermal resist- 
ance material capable of controling a heat fbw to the 
semiconductor substrate and has a temperature detect- 
ing element, and an infrared ray absorbing portion 
which is spliced by at least one splicing pillar with the 
temperature detecting element are provided for every 
pixel on the semiconductor substrate. 

Claims 

1 . A two-dimensional infrared focal plane array com- 
prising temperature detecting units in which said 
temperature detecting units are arranged for every 
pixel (1000 to 1008) in a two-dimensional arrange- 
ment on a semiconductor substrate (1 to 4), said 
temperature detecting unit being formed integrally 
with a thermal type light detector and a means for 
detecting a change in characteristic of said thermal 
type light detector, said change being caused by an 
incident infrared ray, wherein a temperature detect- 
ing portion (300 to 710) which is supported by sup- 



port legs (21, 22, 721 and 722) comprising a high 
thermal resistance material capable of controling a 
heat flow to said semiconductor substrate and has 
a temperature detecting element, and an infrared 
ray absorbing portion which is spliced by at least 
one splicing pillar (140 to 147 and 441) with said 
temperature detecting element are provided for 
every said pixel on said semiconductor substrate. 

2. The two-dimensional infrared foca! plane array of 
Claim 1, wherein said temperature detecting por- 
tion is provided above a cavity portion (200 to 202 
and 790) which is formed in said semiconductor 
substrate. 

3. The two-dimensional infrared focal plane array of 
Claim 1 , wherein said temperature detecting por- 
tion is provided above a readout circuit (400) on 
said semiconductor substrate. 

4. The two-dimensional infrared focal plane array of 
Claim 2 or Claim 3, wherein an infrared absorbing 
structure comprising a reflection film (150, 350, 355 
and 356) and an interlayer insulating film is pro- 
vided on at least one part of said infrared ray 
absorbing portion. 

5. The two-dimensional infrared focal plane array of 
Claim 2 or Claim 3, wherein an optical resonant 
structure comprising a reflection film (1 50, 350, 355 
and 356), an interlayer insulating film and a metal 
infrared ray absorbing film (160, 360, 365, 366) is 
provided on at least one part of said infrared ray 
absorbing portion. 

6. The two-dimensional infrared focal plane array of 
Claim 2 or Claim 3, wherein at least one part of said 
splicing pillar is made of the same material as said 
infrared ray absorbing portion. 

7. The two-dimensional infrared focal plane array of 
Claim 2 or Claim 3, wherein an optical resonant 
structure comprising a reflection film, an interlayer 
insulating film and metal infrared ray absorbing film 
is provided on at least one part of said infrared ray 
absorbing portion, and said splicing pillar is formed 
in one body with said metal infrared ray absorbing 
film. 

8. The two-dimensional infrared focal plane array of 
Claim 2 or Claim 3, wherein an etching stop layer 
(190) is provided of a material resistant to an etch- 
ant which is employed when forming said cavity 
portion in said semiconductor substrate around 
said cavity portion. 

9. The two-dimensional infrared focal plane array of 
Claim 1 , wherein a bolometer thin film (1 1 to 13 and 
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711 ) is provided as said temperature detecting ele- 
ment. 

10. A manufacturing method for a two-dimensional 
infrared focal plane arrray comprising: s 

a) on a semiconductor substrate (1), a step of 
forming a signal readout circuit (400), then 
forming an insulating film (110), contact por- 
tions (121 and 122), further forming metal wir- 10 
ings (31 and 32) and a temperature detecting 
element (11), and covering with a protective 
insulating film (100) as a whole; 

b) a step of forming sacrifice layer (1 70) on said 
protective insulating film, removing an area for 15 
forming a splicing pillar layer by photolithogra- 
phy technique, said area being one of said sac- 
rifice layer, then filling a material to be said 
splicing pillar layer into said removed area; 

c) on said sacrifice layer and said splicing pillar 20 
layer, a step of forming a thin film to be an infra- 
red absorbing portion (130), then patterning for 
dividing said infrared ray absorbing portion for 
every pixel; 

d) a step of etching said sacrifice layer to 25 
remove; 

e) a step of etching said silicon substrate to 
form a cavity portion (200) in said silicon sub- 
strate. 
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(54) Infrared focal plane array 

(57) A two-dimensional infrared focal plane array 
comprising temperature detecting units in which the 
temperature detecting units (300) are arranged for 
every pixel in a two-dimensional arrangement on a sem- 
iconductor substrate (1), the temperature detecting unit 
being formed integrally with a thermal type light detector 
and a means for detecting a change in characteristic of 
the thermal type light detector, the change being 
caused by an incident infrared ray, 
wherein a temperature detecting portion which is sup- 
ported by support legs comprising a high thermal resist- 
ance material capable of controling a heat flow to the 
semiconductor substrate and has a temperature detect- 
ing element, and an infrared ray absorbing portion (130) 
which is spliced by at least one splicing pillar (140) with 
the temperature detecting element are provided for 
every pixel on the semiconductor substrate. 
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